herpesviruses isolated from six sheep and four goats by restriction endonuclease analysis and radioimmunoprecipitation. Am J Vet Res 49: 781-785. 16. Whetstone C, Miller J, Bortner D, et al.: 1989 , Changes in the restriction endonuclease patterns of four modified-live infectious bovine rhinotracheitis virus (IBRV) vaccines after one passage in host animal. Vaccine 7:527-532. 17. Whetstone CA, Miller JM, Bortner DM, et al.: 1989, Changes in the bovine herpesvirus 1 genome during acute infection, after reactivation from latency, and after superinfection in the host animal. Arch Virol 106: 261-279. Copper deficiency in cattle from California and Nevada is frequently diagnosed by the California Veterinary Diagnostic Laboratory System (CVDLS) and others-17 Copper deficiency can cause poor growth rates, achromotrichia, fragile skeletal systems, anemia, infertility, reproductive failure, and decreased milk production. 5, 17 Thus, cattle in this region are routinely supplemented with copper. Options for copper supplementation on the range include provision of mineral licks or parenteral administration. Unfortunately, mineral licks provide sporadic control of deficiency. 3, 15 Additionally, copper glycinate, a common injectable copper product, is unpopular because it can cause sterile abcessation at injection sites. 15 Thus, interest in soluble copper for injection (to minimize abcesses) is high. 3, 4 Soluble copper (such as edetate [EDTA] or diethylamine oxyquinoline sulphonate salts), however, is potentially more toxic to cattle than the slowly absorbed glycinate of copper. 4, 5, 10, 12 This report describes 2 cases of acute copper toxicosis in calves that had been treated with copper EDTA.
The 2 cases of suspected copper toxicosis were investigated in the spring of 1990. Both herds originated in the eastern foothills of the Sierra Nevada Mountains. Herd A had been recently moved to the western Sierra foothills. Both regions are deficient in copper and selenium, and both herds have a history of deficiencies of those elements.
The first case (Herd A) occurred after the herd of 200 9-month-old weanling Hereford-Angus crossbred calves were moved to the western Sierra foothills. Upon arrival, the calves were injected with IBR, PI-3, and BVD vaccines, 8-way clos-tridial toxoid, oxytetracycline, iverrnectin (deworming agent), vitamin E/selenium, and an EDTA salt of copper. a Each animal that weighed > 150 kg received a subcutaneous injection of 120 mg of copper. Subsequently, the calves were placed in a dry lot and given oat hay and water. Within 12-36 hours after processing, 20 of the calves developed dyspnea, head pressing, ataxia, and circling behavior, and 16 died within 72-96 hours.
Three of the calves were submitted to the CVDLS in Davis, California, for postmortem examination. The lungs were uniformly red, wet, and heavy. The livers were dark and firm and had a marked lobular pattern, and the gall bladders were edematous. Subcuticular petechiation and ecchymotic hemorrhage was widespread. The dominant histologic lesion in all 3 calves was severe acute generalized centrilobular to panlobular coagulative necrosis (Figs. 1, 2) . A thin rim of hepatocytes remained in the periportal zones of some lobules, and in other lobules, no viable hepatocytes were seen. The heavily damaged lobules contained extensive pools of blood.
The lungs from all of the calves were markedly congested, alveolar septae were edematous, and there were mild infiltrates of leukocytes (mixed population) in the interstitium. The kidneys had mild vacuolar degeneration in the tubular epithelial cells.
Cultures of lung, liver, bile, brain, and gut contents yielded no significant growth. Lung, liver, and kidney were negative for bovine virus diarrhea virus, using fluorescent antibody analysis. Brain from 2 of the calves had normal acetylcholinesterase (ACHE) activities of 3.9 and 4.6 PM/g/minute when measured using tissue homogenization modification of the enzymatic ACHE assay for bovine blood. 9 Background concentrations of nitrate (< 10 mg/kg), using ion chromatography, 11 and magnesium (40 mg/kg), using ICP screening, 8 were found in ocular fluids. Liver and kidney tissues were tested using the ICP panel for selected heavy metals and selenium (Table 1) . 8, 19 The second case (Herd B) occurred in a group of 514 2-5-month-old 100-200-kg crossbred beef calves from western Nevada. The calves were gathered in midspring for management procedures. At that time, they were dehorned, castrated, branded, vaccinated with 8-way clostridial toxoid, and injected with selenium and copper EDTA. a The copper was given via subcutaneous injection at 2x the 60-mg dose of copper that is recommended for calves weighing <150 kg (the calves received 120 mg each). Within 24-72 hours after processing, over 100 of the calves developed signs of head pressing, ataxia, and dyspnea. Seventy-five calves that weighed <150 kg died.
Four 80-kg calves were submitted to the Nevada Animal Disease Laboratory in Reno, Nevada. Necropsies revealed reactive edematous injection sites. Extensive hemorrhage was present in the mediastinal pleura and heart. Liver had a firm texture with multiple surface hemorrhages and lobular patterns. Tissues and samples of whole blood and serum from untreated calves (those <2 months old from that herd) were submitted for histologic and toxicologic evaluations to the CVDLS in Davis. The most prominent histologic lesions were in the liver, which, like Herd A, had severe, acute, centrilobular to panlobular degeneration and necrosis. Hepatic sinusoids were engorged with blood. Most hepatocytes were degenerate or necrotic with eosinophilic cytoplasm and pyknotic to karyorrectic nuclei. A few normal hepatocytes lined portal triads in some sections. Lungs had thickened, edematous alveolar walls. Heavy meta1s and selenium were quantified in the sera, blood, kidney, and liver tissues (Tables 1, 2).
The findings in these 2 cases are consistent with a diagnosis of acute hepatotoxicosis caused by injection of copper EDTA. The time course, clinical signs, and massive hepatic necrosis, in the absence of severe hemolysis and kidney necrosis, are similar to earlier reports of acute toxicosis in cattle and sheep caused by injection of soluble copper. 4, 5, 12, 15 The negative culture and fluorescent antibody testing ruled out several possible infectious etiologies. The background nitrate levels, nontoxic zinc concentrations, and normal ACHE activities ruled out several toxicologic possibilities. Additionally, the history ruled out possible exposure to other known hepatotoxins such as blue-green algae (Microcystis aemginosa), aflatoxins, coal tar phenols, and several potentially toxic plants. Elemental analysis of tissues failed to detect toxicologically significant concentrations of arsenic, cadmium, molybdenum, and iron.
The liver copper concentrations ranged from normal (Herd A) to slightly greater than normal (Herd B) when compared with the expected range for copper in normal bovine liver of from 25 to 100 ppm on a wet weight basis. 18 None of the liver copper concentrations were above the threshold of 250 ppm suggestive of classical copper toxicosis. 2, 17, 18 The renal copper concentrations were also high (expected = 4-6 ppm, wet weight). 18 Only 1 of the kidneys (Herd A) had greater than the 10 ppm threshold for classical copper toxicosis. 18 should not be misleading. Acute toxicosis due to soluble The zinc concentrations were low (expected = 25-100 ppm, copper salts does not necessarily cause the triad of liver damwet weight) for the livers and normal (expected = 18-25 ppm, age, hemolysis, and renal damage that consistently occurs in wet weight) for kidneys. 18 The low liver zinc concentrations the frequently recognized chronic toxicosis. 4, 10, 13, 15, 17 Chronic may reflect antagonism with the injected copper. 4,5 The se-toxicosis in sheep and cattle involves gradual accumulation lenium concentrations in tissue and blood samples were ad-of copper in liver lysosomes until a threshold is reached equate for cattle. The sera from untreated calves in Herd B (usually around 250 ppm wet weight), when the copper is revealed low copper concentrations (expected = 0-8-1.5 suddenly released. 16, 17 The released copper is an oxidant that ppm 18 ), suggesting a preexisting copper deficiency in that damages red blood cell membranes, depletes glutathione, and herd. leads to hemolysis. 1, 16 The liver and kidney tubular cell mem-The lack of excessive copper in the tissues in this case Table 1 . Copper (Cu), selenium (Se), and zinc (Zn) concentrations (ppm wet weight) in liver and kidney of calves from 2 herds after soluble copper edetate (EDTA) dosing. The reason(s) why acute hepatotoxicosis due to soluble forms of injectable copper occurs sporadically is(are) unknown. In Herd B, there was a 2x overdose of copper in some individuals. Herd A data and the literature suggest, however, that toxicosis may occur even when the recommended doses of copper EDTA are administered. 4,5 In contrast, the less soluble glycinate of copper is relatively safe at therapeutic doses. 4 The relative safety of copper glycinate most likely stems from the less intense peak in the plasma that occurs with it in contrast with copper EDTA at 2 hours after injection. 4 Therefore, the solubility of the EDTA copper (and other soluble forms of the compound) may be only part of the answer. parent selenium adequacy in the very young calves from It is possible that exogenous conditions may influence the hazard of parenteral dosing with soluble copper. Because both groups of calves were from a selenium deficient region, Herd B probably reflects maternally derived selenium. The the nutritional status of this element is unclear despite adequate tissue selenium concentrations (which most likely refleeted the recent selenium injections). Additionally, the apcows in that herd were routinely supplemented with selenium because of past deficiencies. The 2-5-month-old calves in Herd B that suffered from copper toxicosis probably had lost and tissue composition of cattle. J Dairy Sci 67: 1468 -1473 . 4. Bohman VR, Poole SC, Kvasnicka WG, et al.: 1987 Henri D, et al.: 1984, Death in sheep following dosing with copper diethylamine oxyquinoline oxidation in rats dosed parenterally with excessive concentrations of copper. 7 Therefore, it is possible that selenium deficiency may have predisposed some of the calves in the herds in this report to the effects of the bolus of copper. Additional research is needed to determine if a relationship exists between selenium deficiency and the susceptibility of calves to the acute toxicosis of injected soluble copper. The compounding effects of stress in these cases cannot be measured, although stress was certainly present in both herds and in earlier cases reported? An association between the injection of soluble copper, selenium deficiency, and stress leading to copper toxicosis is suggested.
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